Introduction
Rheumatoid arthritis (RA) is one of the autoimmune and chronic diseases [1] . Characterized by inflammation and destruction of joints, RA has caused increased mortality and substantial economic burden on patients worldwide [2] .
Biologic therapies that target a specific inflammatory pathway or immune-related system could improve outcomes of RA patients, contributing to reduced mortality and comorbidity [3] . The tumor necrosis factor (TNF) encoded protein is a proinflammatory cytokine that is generated by macrophages in response to endotoxin [4] . Anti-TNF agents were firstly confirmed as the biologic drugs for RA treatment when nonbiologic disease modified antirheumatic drugs (DMARDs) were failing [5] . At present, five anti-TNF drugs have been licensed for the clinical use of RA, including infliximab (INF), adalimumab (ADAL), etanercept (ETN), golimumab (GLM), and certolizumab (CTZ) [6] [7] [8] [9] . However, since TNF has significant roles in host defense, numerous studies find that anti-TNF application is also related to increased risk of serious infections and malignancies in RA patients [10] [11] [12] . Moreover, several patients who generate the anti-drug antibodies (ADAbs) do not benefit from the anti-TNF drugs [13] .
Previously, several meta-analyses have been carried out to evaluate the safety of anti-TNF agents. For instance, Bongartz et al. discovered that two anti-TNF agents, INF and ADAL, could result in increased risk of malignancies in RA patients in a dose-dependent manner [6] . Another meta-analysis indicates anti-TNF-is correlated with decreased risk of all cardiovascular events [14] . Aaltonen et al. compare the efficacy and safety of anti-TNF drugs with methotrexate and find that there are no significant differences between them in efficacy, while ETN has a reduced risk of adverse event and is proposed as the safest alternative [15] . However, causative factors for these results are not considered, nor the drug immunogenicity or ADAb. In addition, different time points in these studies might produce different results. Therefore, we performed this meta-analysis, mainly concerning the ADAb status (ADAb positive or negative), to comprehensively assess association between ADAb+ and response to anti-TFN agents, aiming to give a precise assessment of application of anti-TNF for RA management.
Methods

Search Strategy.
Literature search was conducted in databases such as PubMed, Embase, and Cochrane Library. The search strategy was ("Immunogenicity" OR "response") AND ("rheumatoid arthritis" OR "RA") AND ("anti-tumor necrosis factor" OR "anti-TNF" OR "TNF-antagonist" OR "TNF inhibitors" OR "infliximab" OR "adalimumab" OR "etanercept" OR "golimumab" OR "certolizumab" OR "infliximab biosimilar") AND ("antibody" OR "ADAb"). There was no language restriction and the searching was set before January 5, 2016. Additionally, manual search for studies that were published in paper was conducted. Reference lists of included studies were also scanned for more eligible studies.
Inclusion and Exclusion
Criteria. The inclusion criteria were as follows: (1) subjects were RA patients ≥18 years old; (2) chemotherapies were anti-TNF agents such as INF, ADAL, ETN, GLM, and CTZ; (3) the studies compared therapeutic differences between ADAb positive (ADAb+) and ADAb negative (ADAb−) RA patients; (4) the outcome was clinical response with the measurement criteria of the American College of Rheumatology (ACR) or European League Against Rheumatism (EULAR) criteria for RA; (5) the study type was observational study.
The exclusion criteria were as follows: (1) no control group was contained in the study; (2) data were incomplete or the results could not be used for statistical analysis; (3) the studies were reviews, letters, or comments.
Data Extraction.
Two investigators independently completed the literature selection based on the predefined criteria. Then, the following required data were abstracted, such as first-author name, publication year, study region, TNF types, subjects' characteristics (e.g., sample size, age, gender composition, and course of disease), time point in observational studies, sample sizes, and case numbers of outcomes in ADAb+ group and ADAb− group, respectively. Disagreements were resolved through discussion with a third investigator.
Statistical Analysis.
Odds ratio (OR) with its corresponding 95% confidence interval (CI) was used as a measure of the effect size to calculate differences of clinical response between ADAb+ and ADAb− groups. Heterogeneities across studies were determined by Cochrane's statistic and 2 test [16] . If extensive heterogeneity was detected ( < 0.05, 2 > 50%), a randomized-effects model was applied, whereas if there was no obvious heterogeneity ( > 0.05, 2 ≤ 50%), a fixed-effects model was applied.
Outcomes were pooled at different time points (3 months, 6 months, 12 months, and ≥24 months) after follow-up, respectively. Subgroup analyses stratified by TNF inhibitor (TNFi) type and assay method for ADAb detection were performed to further explore influences of these specific factors on the outcomes. Publication bias was determined using Egger's test [17] . The Stata11.0 software (STATA, College Station, TX, USA) was used to complete all the statistical analyses.
Results
Eligible Studies.
Specific procedures of the study selection are listed in Figure 1 . By the preliminary search, a total of 4740 studies were retrieved, and 3921 remained after eliminating duplicated publications. Through title and abstract screening, another 3900 studies (including 3802 studies that obviously did not conform to the inclusion criteria, 47 reviews, and 51 studies that compared the therapeutic effects of TNFi with other drugs on RA) were excluded. Eleven out of the remaining 21 studies were removed after full-text reading. No additional studies were added via manual search. As a result, 10 eligible studies [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] were included in the meta-analysis. Table 1 , the 10 studies consisted of a total of 1806 subjects. These studies were published from 2007 to 2015, and most of them were conducted in European countries except Chen et al. 's study [20] , which was carried out in China. Three ADAb detection methods, radioimmunoassay (RIA), enzymelinked immunosorbent assay (ELISA), and Immunological Multi-Parameter Chip Technology (IMPACT), and 6 time points of the outcomes, including 3, 6, 12, 24, 36, and 48 months after follow-up, were involved.
Characteristics of the Included Studies. As indicated in
Meta-Analysis and Subgroup Analysis.
A fixed-effects model was used for comparisons at the time points of 3, 12, 24, 36, and 48 months after follow-up, due to the lack of significant heterogeneity ( > 0.05, 2 ≤ 50%). By contrast, a randomized-effects model was applied 6 months after follow-up due to significant heterogeneity ( 2 = 72.7%, = 0.005). As expected, ADAb+ was significantly associated with reduced anti-TNF response to RA at all the time points Subgroup analysis stratified by TNFi types and assay methods also supported this significant association ( < 0.05), except for ELISA group at 3 months (OR = 0.10, 95% CI, 0.01 to 2.41), INF (OR = 0.05, 95% CI, 0.00 to 1.06) and ELISA (OR = 0.05, 95% CI, 0.00 to 1.13) groups at 6 months, and IMPACT group at 12 months (OR = 0.66, 95% CI, 0.35 to 1.24) ( Table 2) .
Publication Bias.
As only a few studies compared the clinical response between the two groups at 3, 6, and ≥24 months after follow-up, we just evaluated the publication bias at the time point of 12 months. Egger's test indicated that there lacked significant publication bias ( = 0.067).
Discussion
In the present study, a total of 10 studies were included involving 1806 subjects. Meta-analysis indicated that ADAb+ group had significant association with reduced anti-TNF response ( < 0.05), whatever the time point was. Moreover, in most of the subgroups stratified by TNFi types and assay methods, significant association was also detected between ADAb+ group and decreased anti-TNF response, except in ELISA group at 3 months, INF and ELISA groups at 6 months, and IMPACT group at 12 months. Studies that used RIA assay all confirmed this significant association at each time point.
Five anti-TNF drugs have been approved for RA treatment. A large number of randomized clinical trials and observational studies have confirmed the effectiveness of anti-TNF agents for RA treatment, whether at an early stage or during a long period [28] [29] [30] . However, multiple studies point out that the RA patient prescribed these drugs is at an increased risk of serious infections and malignancies [31] [32] [33] . In addition, in several patients, anti-TNF agents are ineffective for RA management [34] . ADAb generated in patients is one causative factor for nonresponse to anti-TNF drugs such as INF and ADAL for RA treatment [35, 36] . Reportedly, more INF doses are needed in RA patients with anti-INF antibodies, and high ADAb level of anti-INF is related to the loss of clinical response, which would discount the therapeutic efficacy [25] . Several studies indicate that different bioavailability and diverse development of ADAb in RA patients may be the major reasons for different clinical responses [37, 38] .
Immune response to anti-TNF therapy contributes to the generation of ADAbs, which could impair the clinical response if they are able to decrease the serum levels of the active drug [39] . Immunogenicity of the anti-TNF agents is considered as the main mechanism of treatment failure [40] . The immunogenicity rate of different anti-TNF drugs is different, due to diversities in various factors such as administration route, drug dose, concomitant medication, detailed treatment schedule, and immune and nutritional status [41] . Extensive studies have investigated influence of the immunogenicity of anti-TNF agents on drug efficacy and safety and found that antibodies of these agents, such as INF, could affect the drug's pharmacokinetics, which may lead to delayed infusion and injection site reactions [41, 42] . Meanwhile, the anti-chimeric antibodies (ATIs), induced by INF, could increase the clearance of INF and attenuate its function [43] . This might be the reasonable explanation for our finding of the significant association between ADAb+ and reduced response rate.
On the other hand, the detection of ADAb might be influenced by different collection times and methods. For instance, ATIs may be undetectable at the initiation of INF administration due to the fact that they generate the immune complexes with the drug [41] . With regard to the detection methods, a bridging ELISA is the most common assay for ADAb detection [34] ; however, it could be influenced by a high rate of false positive results [44] . A study indicates that an underestimated ADAb+ rate might be due to undetectable ADAb using the bridging ELISA [45] . Therefore, it is understandable that, in ELISA group at 3 months and 6 months, there was not any observed association between ADAb+ and reduced response, which may be attributed to the reduced detection rate by ELISA method.
IMPACT is a multiplex platform that is a novel technology for ADAb detection, and, reportedly, it has greater sensitivity for ADAb detection, compared with other current clinical tests [46] . However, the duration in this study is as short as <6 months. Another study points out that IMPACT is a novel method mainly used for definition of clinical stages of RA at molecular level [47] . Therefore, whether this method Garcês et al. [22] is precise and sensitive in a long duration needs to be further investigated. Our discovery that, in IMPACT group at 12 months, ADAb+ was not associated with decreased clinical response provides a hint that IMPACT might not be sensitive for ADAb detection at a long duration. However, it needs to be verified by more studies. For RIA assay, a previous study that assessed INF levels and ADAbs for a long duration (1.5 to 18 months) using different methods found that fluid-phase RIA was better than cross-binding ELISA [48] . Therefore, it is understandable that whatever the time point, ADAb was significantly associated with reduced anti-TNFi clinical response using this detection method. Our study has the following advantages: (1) the clinical response was pooled at different time points, respectively, which avoided potential bias generated from drug effect varied by different time points; (2) subgroup analyses stratified by TNFi types and assay methods for ADAb detection were performed, contributing to exploration of more precise correlations between ADAb+ and response to specific anti-TNF drugs in RA patients; (3) no obvious publication bias was observed in this meta-analysis, indicating the reliability of our results. However, there were also several limitations as follows: (1) all the included studies were observational studies, and the confounding factors could not be well controlled; (2) significant heterogeneity was detected at several time points, which might cause deviation to some extent; (3) drug level in different studies might be a confounding factor that influences the result; however, it was not taken into consideration in our study; (4) the sample size was relatively small, and large-scale studies with more samples are required to confirm our findings.
In conclusion, ADAb+ was significantly associated with reduced clinical response in RA patients, and other alternatives should be considered in RA patients presenting ADAb+.
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